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(54) Carry look-ahead addition circuits 

(57) A method of designing an addition circuit, and 
an addition circuit designed according to the method are 
described. The design technique is optimised to facili- 
tate design of an addition circuit of minimum depth. The 



design technique takes into account the number of log- 
ical stages of the addition circuit and the manner in 
which those stages are connected by spanning paths to 
create fan-out nodes. The number of fan-out nodes per 
level can be optimised. 
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Description 

[0001] The present invention relates to addition cir- 
cuits for adding a binary number A to a binary number 
B. The present Invention relates particularty but not ex- s 
clusively to addition circuits designed to meet particular 
process or application criteria. 

[0002] A variety of different addition circuits are 
known. One basic example is illustrated in Figure 1 . The 
binary number A is represented as a series of bits aj 
where i Is the binary weight of the bit a; and increases 
from the value zero for the least significant bit of A in 
steps of one to the value of the most significant bit of A. 
The binary number B is a series of bits bj where i is the 
binary weight of the bit. The summation of the numbers 
A and B is represented by the binary number S which is 
a series of bits Sj where i is the binary weight of the bit, 
and Cq which Is the msb of the sum. 
[0003] The bit ao and the bit bo are supplied as Inputs 
to an AND gate 2q which produces the bit generate go- 
The bit ag and the bit bo are also supplied as inputs to 
an XOR gate 4o which produces Sq as its output. The bit 
a^ and the bit b^ are supplied as inputs to an XOR gate 
4^ which produces the first bit propagate signal p^. The 
bit generate signal go and the first bit propagate signal 
Pi are supplied as inputs to an XOR gate 24^ which pro- 
duces the bit The bit and the bit b^ are also sup- 
plied as inputs to an OR gale 6^ which supplies its output 
as a first input to an AND gate 8^. The second input of 
the AND gate 8, is received from the output of the AND 
gate 2q. The output of the AND gate 8-, provides a first 
Input to an OR gate 10^. The second input to the OR 
gate 10^ is received from an AND gate 2^ which receives 
as inputs the bit a, and the bit b-j. The bit 32 and the bit 
are supplied as inputs to an XQR gate 43 which pro- 
vides its output as a first input to a XOR gate 242- The 
second input to the XOR gate 242 is provided by the 
output of the OR gate 1 0^. The output of the XOR gate 
242 provides the bit Sg. The bit ag and the bit b2 are also 
combined In an OR gate 62 to produce a first Input to an 
AND gate 83 which receives as a second Input the out- 
put from the OR gate 1 0^ . The output from the AND gate 
82 supplied as a first input to a OR gate 1 0g. The second 
input to the OR gate IO2 is supplied by a AND gate 23 
which receives as an input the bits a2 and bg. The output 
of the OR gate IO2 is supplied as a first input to a XOR 
gate 243. The second input to the XOR gate 243 is sup- 
piled by the output of an XOR gate 43 which receives as 
inputs the bit a3 and the bit b3. The output of the XOR 
gate 243 provides the bit S3. An AND gate 23 also re- 
ceives the bits a3 and b3 and provides its output as a 
first input to a OR gate 1 63. The second input to the OR 
gate 1 63 is provided by an AND gate 1 43 which receives 
as a first Input the output from the AND gate 22 and as 
a second input the output from an OR gate 63 which re- 
ceives as inputs the bit 83 and bit b3. The output from 
the OR gate 63 is also provided as a first input to an AND 
gate 123 which receives as a second input the output 



from the OR gate 62. The output from the AND gate 1 23 
is supplied as a first Input to an AND gate 83 which re- 
ceives as a second input the output from the OR gate 
10^ The output from the AND gate 83 and the output 
from the OR gate I63 are combined in an OR gate IO3. 
A XOR gate 244 receives as a first Input the output from 
the OR gate IO3 and as a second Input the output from 
an XOR gate 44 which receives as inputs the bit 34 and 
the bit b4. The XOR gate 244 produces the bit 84. An OR 
gate 64 receives an inputs the bit and bit b4 and pro- 
vides its output as a first input to an AND gate 84. The 
AND gate 84 receives as its second Input the output from 
the OR gate IO3 and provides Its output to a OR gate 
IO4. The other Input to the OR gate IO4 is provided by 
an AND gate 24 which receives as inputs the bit 84 and 
the bit b4. An XOR gate 245 produces the bit S5 and re- 
ceives as a first input the output from the OR gate IO4 
and receives as a second input the output from an XOR 
gate 45 which receives as inputs the bit 85 and the bit 
bs. An AND gate 125 receives as a first Input the output 
from the OR gale 64 and an output from an OR gate 65 
which receives as Inputs the bit 35 and the bit 65. An OR 
gate 1 65 receives as a first input the output from an AND 
gate 2^ which receives as inputs the bit and the bit 
bs and as a second input receives the output from an 
AND gate 1 45 which itself receives as inputs the output 
from the AND gate 24 and the output from the OR gate 
65. The output from the AND gate 125 is combined with 
the output from the OR gate IO3 in an AND gate 85 to 
produce a first input to a first OR gate IO5. The second 
input to the OR gate IO5 is provided by the output from 
the OR gate 165, The output from the OR gate IO5 is 
provided as a first input to the XOR gate 245. The XOR 
gate 246 receives as a second input the output from the 
XOR gate 4g which receives as inputs the bit and the 
bit bg. The XOR gate 24e produces as an output the bit 
Sq. An OR gate 6© receives as its inputs the bit a^ and 
the bit bg and supplies its output as a first input to an 
AND gate 126- "'"he second input to the AND gate 125 is 
supplied by the output of the AND gate 1 2^ and the out- 
put of the AND gate 1 2g Is supplied as a first Input to an 
AND gate 8q. The output from the OR gate Sg Is supplied 
as a first input to an AND gate 14^. The AND gate Mg 
receives as a second input the output from the OR gate 
I65 and provides an output signal to a first input of an 
OR gate ISg. The second input to the OR gate 16g is 
supplied by an AND gate 2q which receives as inputs 
the bit ag and the bit bg. The AND gate 8q which receives 
as a first input the output from the AND gate 1 2g receives 
as a second input the output from the OR gate IO3 and 
provides its output as a first Input to an OR gate 10g. 
The second input to the OR gate lOg is provided by the 
output of the OR gate ISg. The output of the OR gate 
lOg is provided as a first input to an XOR gate 247. The 
XOR gate 247 receives as a second input the output 
from an XOR gate 47 which receives as Inputs the bit aj 
and the bit b7. The XOR gate 247 produces the bit S7. 
The bit Sj and the bit b7 are combined in an OR gate 67 
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to produce a first input to an AND gate I87 which re- 
ceives as a second input the output from the OR gate 
Bg. The output from the OR gate 67 is supplied as a first 
input to an AND gate 2O7. The AND gate 2O7 receives 
as a second input the output from the AND gate 2^. The 
output from the AND gate 2O7 is supplied as a first input 
to an OR gate 227. The second input to the OR gate 227 
is provided by a AN D gate 27 which receives as its inputs 
the bit signal 87 and the bit signal b7. An AND gate 1 47 
receives as its inputs the output from the AND gate I87 
and the output from the OR gate 1 65 and provides its 
output as a first input to an OR gate 1 67. The second 
input to the OR gate 1 67 is supplied by the output of the 
OR gate 227. The output of the OR gate 1 67 Is provided 
as a first input to an OR gate IO7. An AND gate 127 re- 
ceives as its inputs the output from the AND gate 125 
and the output from the AND gate 187. The output from 
the AND gate 127 is supplied as a first input to the AND 
gate 87. The AND gate 87 receives as a second input 
the output from the OR gate 1 03. The output from the 
AND gate 87 is supplied as a second input to the OR 
gate IO7. The output of the OR gate IO7 produces the 
last carry value Cq. 

[0004] An addition circuit which can quickly change 
between producing an output value A+B and output val- 
ue A+B+1 or which can simultaneously provide an out- 
put value A+B and an output value A+B+1 is described 
in our earlier GB Patent Application No. 9813328.3. 
[0005] The addition circuitry described in that applica- 
tion has a plurality of addition paths, with each addition 
path having inputs for receiving respectively bits aj. bj of 
the first and second binary numbers and output means 
for producing respectively bits Sj. s'j of third (A+B) and 
fourth (A+B+1) binary numbers. 
[0006] By modification to the output means, the circuit 
can be configured to provide a number of different useful 
outputs, such as A+B or A+B+1; A+B and A+B+1; A-B 
and B-A; A-B or B-A; and modulus A-B. Thus, the circuit 
has a number of different useful applications. 
[0007] Each addition path has a number of logical 
nodes in the depth direction of the circuit (input to out- 
put). Each set of nodes arranged widthwise of the circuit 
(that is in the direction of bit significance) forms a logical 
stage. Each adjacent pair of addition paths defines a col- 
umn. An addition circuit of so-called "minimum depth" 
has the minimum number of logical stages which are 
required to add together the binary numbers according 
to their length n. Clearly, the greater the length n of bi- 
nary numbers to be added, the higher is the number of 
stages even in a "minimum depth" circuit. In developing 
a minimum depth circuit, clearly constraints are imposed 
on how the logical nodes can be interconnected. In GB 
Application No. 9813328.3, the circuit is designed so 
that each logical node is connected to as many logical 
nodes in the subsequent logical stage as possible. This 
connection is made via the addition path for the node 
and by one or more spanning path which crosses at 
least one column. The number of nodes in a subsequent 



stage to which a node of the preceding logical stage is 
connected by spanning paths is termed herein "fan-ouf. 
Thus, the circuit of the earlier application is designed 
with so-called maximum fan -out. This has the advan- 

5 tage of minimising the number of wires which are re- 
quired to make the circuit, but has the disadvantage that 
delays between logical states are incurred as a result of 
the capacitance introduced by the large number of gates 
connected to particular wires, particularly in the later log- 

10 ical stages. 

[0008] Another possibility is to interconnect a node of 
a logical stage to a unique single node of a subsequent 
stage, which has the advantage of reducing fan-out (to 
a fan-out of 1 ). but the disadvantage of requiring a large 

IS number of wires which increases the space requirement 
for the circuit. 

[0009] It would be desirable to be able to design an 
addition circuit to accommodate a number of different 
process and application criteria. In particular it would be 
20 desirable to facilitate design of an addition circuit of min- 
imum depth. 

[001 0] According to the present invention there is pro- 
vided an addition circuit for adding together two binary 
numbers (A,B> having a length of n bits, comprising: 

25 

an array of logical nodes which are arranged so that 
each set of logical nodes extending widthwise of the 
circuit form a logical stage and each set of nodes 

extending depthwise of the circuits forms an addi- 
30 tion path, with each pair of adjacent addition paths 
forming a column; 

spanning paths arranged to interconnect selected 
logical nodes so that adjacent logical stages are 
connected via an interconnection level, each span- 
as ning path extending from a node in one stage 
across at least one column being connected to a 
number f of fan-out nodes in a subsequent stage, 
the circuit having the following configuration param- 
eters: 

40 

i) for each interconnection level the number f of 
fan-out nodes lies in the range 1 to 2i, where j 
is the interconnection level index lying between 
0 and m, 2i is the maximum fan -out number for 
4S that level, and there are m+2 logical stages; 

it) the fan-out f of nodes at each level Is always 
no greater than the number f of fan-out nodes 
at a subsequent level; 

so 

iii) the number of columns across which a span- 
ning path extends within an interconnection lev- 
el is 2i; 

55 wherein at least one level has a fan-out number f 

< 2i and at least one level has a fan-out number f > 1 . 
[001 1] By defining a number of criteria for the addition 
circuit in terms of the configuration parameters referred 
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to above, it is possible to design the addition circuit to 
suit the particular requirements at hand. That is, it allows 
designs to be constructed with fewer spanning wires 
and/or lower fan-out. without significantly compromising 
speed requirements for a given circuit depth. The con- 
figuration parameters allow a number of design trade- 
offs to be considered each time resulting in an optimised 
addition circuit for the particular instant application. 
[0012] The invention is particularly useful in the con- 
text of minimum depth addition circuits. For an addition 
circuit of minimum depth, the number m+2 of logical 
stages is derived from the following equations: 



(where n is a binary order), and 



(where n is not a binary order and where n^^ is the next 
largest binary order after n). 

[0013] In the described embodiment, each logical 
node comprises at least one logic gate which receives 
at least two signals representing bits of the same signif- 
icance i In the binary numbers a, b to be added. 
[0014] Each spanning path can convey one or more 
signal from a node of one significance in one logical 
stage to a node of a different significance in a subse- 
quent logical stage. 

[0015] Another aspect of the invention provides a 
method of designing an addition circuit for adding to- 
gether two binary numbers (A.B) each of bit length n, 
the method comprising: 

determining the number (m+2) of logical stages in 
the addition circuit according to the following: 

for bit length n of a binary order, n = 2'"+i and 
for bit lengths which are not binary orders n^o = 2"*+^ 
where n^^ is the next largest binary order after n; 
for each of said logical stages allocating a set of vir- 
tual nodes, said virtual nodes forming potential ad- 
dition paths depthwise of the circuit and adjacent 
addition paths forming a column; 
determining for each logical stage its expected input 
capacitance; and 

defining spanning paths wherein the spanning 
paths constitute an interconnection level between 
adjacent logical stages, wherein definition of the 
spanning paths is carried out in accordance with the 
following configuration parameters and depending 
on the expected input capacitance of each stage: 

i) for each interconnection level the number f of 
fan-out nodes in a subsequent stage to which 
a node of a preceding stage is connected lies 
in the range 1 to 2i, where j is the interconnec- 



tion level index lying between 0 and m and 2' is 
the maximum fan-out number for that level. 

ii) the fan -out f of nodes at each level is always 
5 no greater than the fan-out f of nodes at a sub- 
sequent level, 

iii) the number of columns across which a span- 
ning path extends within an interconnection iev- 

10 el is 2i. 

wherein at least one level has a fan-out number f 
< 2i and at least one level has a fan-out number f > 1 . 
[0016] A number of different specific examples are 
15 possible. By way of illustration, the following particular 
examples are mentioned, but this is in no way a com- 
prehensive list of all of the possible options. 
[0017] An addition circuit wherein the fan-out f=1 for 
more than one level. 

[0018] An addition circuit wherein f=1 for all levels ex- 
cept the mth level. 

[0019] An addition circuit wherein at least one level 
has maximum fan-out f=2i where j is not equal to m. 
[0020] An addition circuit where the fan -out f=:2 for at 
least two levels. 

[0021] For a better understanding of the present in- 
vention and to understand how the same may be 
brought into effect reference will now be made by way 
of example only to the accompanying figures in which: 

Figure 1 illustrates prior art circuitry for producing 
A+B in more detail; 

Figure 2 illustrates the circuit of Figure 1 but labelled 
to clearly denote the layout of the logical nodes; 
Figure 3a to 3e are node diagrams for addition cir- 
cuits where n=8; 

Figures 4a to 4e illustrates addition circuits imple- 
menting node diagrams of Figures 3a to 3d respec- 
tively; and 

Figures 5a through 5n are node diagrams for addi- 
tion circuits where n=l6. 

[0022] Firstly, Figure 2 will be -used to describe the 
overall layout of the known addition circuit already illus- 
trated in Figure 1 . The bit significance 0 ... 7 is labelled 
for each addition path moving from the right hand side 
to the left hand side widthwise of the circuit of Figure 2. 
The circuit has a plurality of logical nodes which are la- 
belled according to the following notation: 

Ni.k where i is the bit significance of the node and 
k is an index defining the depth of the node within the 
addition circuit in a manner which will become clearer 
in the following. 

[0023] The nodes N are arranged so that each set of 
logical nodes extending widthwise of the circuit forms a 
logical stage. That is, the nodes NO.O ... N7.0 form log- 
ical stage k=0. the nodes N1,1, N3.1. N5,1 and N7.1 
form the logical stage k=l ; the nodes N2.2. N3.2. N6.2. 
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N7,2 form the logical stage k=2; and the nodes N4,3 ... 
N7,3 form logical stage k=3. 

[0024] Depthwise of the circuit, each set of nodes 
forms an addition path. Each pair of adjacent addition 
paths constitutes a column labelled CI to C7 in Figure 
2. The logical stages are interconnected by interconnec- 
tion levels which are marked LO to L2 In Figure 2. Each 
interconnection level LO to L3 comprises a number of 
spanning paths which are wires connecting a node N in 
a preceding stage to one or more node in a subsequent 
stage. Each spanning path can extend across one or 
more columns and comprise one or more wires for trans- 
ferring one or more signals. In Figure 2. the intercon- 
nection level LO has spanning paths PO.O, P2,0, P4.0 
and P6,0. P0,0 conveys a single signal from bit signifi- 
cance 0 to bit significance 1 across column CI. P2,0 
conveys two signals from bit significance 2 to bit signif- 
icance 3 across column 3. Similarly P4,0 and P6,0 each 
convey two signals across a single column. The span- 
ning paths in level 1. Pl.l and P5.1 respectively cross 
two columns. Also, they connect the node of stage 1 to 
two nodes of stage 2. The number of nodes in a subse- 
quent stage to which a node of a preceding stage is con- 
nected by spanning paths is termed herein "fan-out". Of 
course, there are also a number of connections between 
modes vertically along an addition path. Thus, the inter- 
connection level LI has a fan-out of 2. Applying the 
same principles, it can be seen that the interconnection 
level L2 has a fan-out of 4. connecting the node N3,2 in 
stages to each of the four nodes N4,3 ... N7,3in stage 3. 
[0025] The composition of each node in terms of its 
logical gates, and the function of those logical gates can 
be seen by comparing Figure 2 with Figure 1 . For ex- 
ample, the node N2,0 comprises the two logic gates 62 
and 22- As another example, the node N5.1 comprises 
the three logic gates ^2^, and I65. It will be appre- 
ciated that the nodes of the first stage each include an 
Exclusive OR gate 4© ... 47. and that the nodes of the 
first stage each include an Exclusive OR gate 24© ... 247. 
[0026] Figure 3e illustrates a node diagram for the cir- 
cuit of Figure 2. In Figure 3e. a complete array of eight 
by four "virtual" nodes is illustrated, each node being 
represented by a black dot. 

[0027] The spanning paths P are denoted by black 
lines. In the diagram of 3e, it is easier to see that the 
fan-out for interconnection level LO is 1 . the fan -out for 
interconnection level Li is 2 and the fan-out for inter- 
connection level L2 is 4. The circuit is therefore defined 
by the notation [4,2,1 J. which is the fan-out lor each in- 
terconnection level, taking the lattermost interconnec- 
tion level first. 

[0028] As already mentioned, a problem which exists 
with this circuit is the high fan-out for the last and last 
but one level, which imposes signal delays through the 
interconnection levels. One way of avoiding this would 
be to construct a circuit along the lines illustrates in the 
node diagram of Figure 3a. In that diagram, it can readily 
be seen that each interconnection level LO, Li and L2 



has a fan-out of 1 . However, what is also clearly evident 
is the number of wires which are required to implement 
the circuit. It will be appreciated that the number of wires' 
is related to the number of spanning paths P. 

s [0029] The inventor has determined that there are a 
number of other design options which, for a bit length N 
= 8 and a minimum depth addition circuit are illustrated 
in Figures 3b. 3c and 3d. In each of those figures, a com- 
plete array of eight by four "virtual" nodes is illustrated, 

10 each node N being represented by a black dot. Scan- 
ning paths P are denoted by a black line. The addition 
circuits of Figures 3b, 3c and 3d share the following 
characteristics. 

'5 i) For each interconnection level Lj, the number f of 
fan-out nodes lies in the range 1 to 2i. j denotes the 
interconnection level index. In the addition circuits 
of Figures 3b. 3c and 3d, j is 0, 1 or 2. 2i is the max- 
imum fan-out number for a particular level. 

20 

ii) The number f of fan-out nodes at each level is 
always no greater than the number f of fan-out 
nodes at a subsequent level. 

25 [0030] Thus, in Figure 3b the fan -out for levels LO and 
LI is 1 . and the fan-out for level L2 is 2. In Figure 3c the 
fan-out for level LO is 1 and the fan out for levels L1 and 
L2 is 2. In Figure 3d, the fan-out for levels LO and LI is 
1 . and the fan -out for level L2 is 4. 

30 iii) the number of columns across which a span- 

ning path extends within an interconnection level is 2). 
Thus, for an eight bit adder as illustrated in Figures 3b, 
3c and 3d the spanning paths PO in level LO cross one 
column, the spanning paths PI in level L1 cross two col- 

35 umns. and the spanning paths P2 at level L2 cross four 
columns. 

[0031] The addition circuits of Figures 3b, 3c and 3d- 
also share the parameters that at least one level has a 
fan-out number less than its maximum, and at least one 

40 level has a fan-out number greater than one. By allowing 
these criteria to be varied, addition circuits can be de- 
signed in accordance with the required parameters of 
any particular application. Where^pace is a significant 
consideration, the number of wires can be reduced by 

45 using increased fan-out at different levels. Where ca- 
pacitive delays are a problem, these can be reduced by 
reducing fan-out where possible, and increasing the 
number of levels where fan-out is less than its maxi- 
mum. 

50 [0032] Figures 4b, 4c and 4d represent the circuit im- 
plementations of the node diagrams of Figures 3b, 3c 
and 3d respectively. In each of these circuit diagrams, 
the nodes marked N correspond to the nodes N illustrat- 
ed by black dots connected by black lines in Figures 3b, 

55 3c and 3d. The black dots in the node array diagrams 
of Figures 3b, 3c and 3d which are not connected by 
black lines do not of course find an equivalent in the cir- 
cuit diagrams of Figures 4b, 4c and 4d. The configura- 
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tion of logic gates required for each node can readily be 
determined by selecting an appropriate configuration 
from the circuit of Figure 2 depending on the number of 
input signals required to be combined at the node, and 
whether these have come from a spanning path or an 
addition path of the same bit significance. 
[0033] The principles of the invention can readily be 
extended to addition circuits for adding binary numbers 
of different lengths. The invention is predominantly con- 
cerned with so-called minimum depth addition circuits, 
where the number of stages in the addition circuit is de- 
termined according to the following criteria: 

for bit lengths n of a binary order, the number m+2 
of logical stages is derived from the following equation: 
n - 2'"*\ and 

for bit lengths n which are not binary orders, the 
number m+2 of logical stages is derived from the follow- 
ing equation: n^g = 2"^+! where nbO is the next largest 
binary order after n. 

[0034] As will be apparent, in the preceding example 
m = 2, the number of interconnection levels (index j) is 
m+1 = 3 and the number of logical stages (index k) is 
m+2 = 4. Figures 5a to 5n illustrate possible addition 
circuits where N = 16 and m = 3. Figures 5b to 5m rep- 
resent circuits in accordance with embodiments of the 
present invention, that is circuits which follow the con- 
figuration parameters discussed above. 
[0035] In designing an addition circuit using the node 
array diagrams illustrated in Figures 3 and 5 and con- 
forming to the above-mentioned criteria, it will be appre- 
ciated that those zones which are empty of spanning 
paths can quickly be identified. Of course, it is not nec- 
essary to Implement a logical node with logic circuitry 
where it is not connected to any other node. 
[0036] A method of designing an addition circuit will 
now be described. The binary length n of the numbers 
to be added is first specified. Then, the number of logical 
stages in the addition circuit is determined according to 
the above defined criteria for a minimum depth addition 
circuit. The required output drive strength of the addition 
circuit is established, and this defines the size of the log- 
ic gates requires to implement the nodes of the final 
stage. The size of the logic gates used to implement the 
nodes of the final stage determines the input capaci- 
tance of that stage. At this point, the design options 
available according to the configuration parameters of 
the present Invention can be considered to provide a 
number of different options for the addition circuit. For 
each or a selected group of these options, the capaci- 
tance of the spanning paths in the interconnection level 
to the final stage can be calculated. The choice of a 
spanning configuration in terms of the number of wires 
vs the extent of fan-out determines the size of logic 
gates at the driving level, which in turn determines the 
input capacitance as seen by the preceding level. Thus, 
a recursive design method is implemented to determine 
an optimum addition circuit for the application in hand. 
[0037] The present invention thus provides a number 



of different design options for addition circuits which al- 
low a designer more freedom than has hitherto been the 
case in designing addition circuits. 

5 

Claims 

1. An addition circuit for adding together two binary 
numbers (A.B) each having a length of n bits, com- 

'0 prising: 

an array of logical nodes which are arranged so 
that each set of logical nodes extending width- 
wise of the circuit form a logical stage and each 
IS set of nodes extending depthwise of the circuits 

forms an addition path, with each pair of adja- 
cent addition paths forming a column; 
spanning paths arranged to interconnect se- 
lected logical nodes so that adjacent logical 
20 stages are connected via an interconnection 

level, each spanning path extending from a 
node in one stage across at least one column 
being connected to a number f of fan-out nodes 
in a subsequent stage, the circuit having the fol- 
2S lowing configuration parameters: 

i) for each interconnection level the number 
f of fan-out nodes lies in the range 1 to 2i, 

where j is the interconnection level index 
30 lying between 0 and m. 2i is the maximum 

fan-out number for that level, and there are 
m+2 logical stages; 

ii) the fan-out f of nodes at each level is al- 
3S ways no greater than the number f of fan- 
out nodes at a subsequent level; 

iii) the number of columns across which a 
spanning path extends within an intercon- 

40 nection level is 2i; 

wherein at least one level has a fan-out 
number f < 2i and at least one level has a fan-out 

number f > 1 . 

4S 

2. An addition circuit as claimed in claim 1 , wherein for 
bit lengths N of a binary order the number (m+2) of 
logical stages is derived from the following equa- 
tion: 

so 



3. An addition circuit according to claim 1 , wherein for 
55 bit lengths N which are not binary orders, the 
number (m+2) of logical stages is derived from the 
following equation: 
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where is the next largest binary order after n. 



4. An addition circuit according to claim 1. 2 or 3. 
wherein each logical node receives at least two sig- 
nals representing bits of the same significance (i) in 
the binary numbers (A,B) to be added, and compris- 
es at least one logic gate. 

5. An addition circuit according to claim 1 . 2, 3 or 4. 
wherein each spanning path conveys one or more 
signal from a node of one significance In one logical 
stage to a node of a different significance in a sub- 
sequent logical stage. 
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the Interconnection level index lying be- 
tween 0 and m and 2i is the maximum fan- 
out number for that level. 

5 ii) the fan-out f of nodes at each level is al- 

ways no greater than the fan-out f of nodes 
at a subsequent level, 

Hi) the number of columns across which a 
10 spanning path extends within an intercon- 

nection level is 2i. 

wherein aleast one level has a fan -out number 
f < 2i and at least one level has a fan-out number f 

IS > 1. 



6. An addition circuit according to any preceding claim 
wherein the fan-out f = 1 for more than one level. 

20 

7. An addition circuit according to claim 6, wherein f = 
1 for all levels except the mth level. 

8. An addition circuit according to any of claims 1 to 5, 
wherein at least one level has maximum fan-out (f 2S 
= 21) where j = m. 

9. An addition circuit according to any of claims 1 to 5, 
where the fan-out f = 2 for at least two levels 

30 

10. A method of designing an addition circuit for adding 
together two binary numbers (A,B) each of bit length 
n, the method comprising: 

determining the number (m+2) of logical stages 35 
in the addition circuit according to the following: 
for bit length n of a binary order, n = 2"^+^ 
and for bit lengths which are not binary orders 
njjo = 2^-^^ where n^o is the next largest binary 
order after n; 40 
for each of said logical stages allocating a set 
of virtual nodes, said virtual nodes forming po- 
tential addition paths depthwise of the circuit 
and adjacent addition paths forming a column; 
determining for each logical stage its expected 4S 
input capacitance; and 

defining spanning paths wherein the spanning 
paths constitute an Interconnection level be- 
tween adjacent logical stages, wherein defini- 
tion of the spanning paths Is carried out In ac- so 
cordance with the following configuration pa- 
rameters and depending on the expected Input 
capacitance of each stage: 

i) for each interconnection level the number ss 
f of fan-out nodes in a subsequent stage to 
which a node of a preceding stage Is con- 
nected lies in the range 1 to 2', where j is 
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'"•^•^1 FIG. 3d 




•^2^1 FIG. 3e 
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